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Abstract 
This paper presents the main characteristics of an experimental energy harvesting device that can be used to recover 
energy from the vehicular traffic as well as from the train and pedestrian ones. The innovation introduced arises from 
the use of piezoelectric bender devices instead of piezoelectric stack transducers. The patent focuses on the definition 
and specification of an innovative mechanical configuration to transfer the vibration from the main box to the 
piezoelectric transducer. The flexibility of the patent allows modifying the oscillation frequency of the overall 
structure in order to match the resonance frequency of the piezos. The description of the energy harvesting device is 
followed by preliminary numerical analyses performed, by using the commercial FE code Comsol Multyphisics®, in 
order to highlight the dynamical electromechanical behavior of the overall structure under the effect of an impulse 
load. 
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1. Introduction 
The world energy production sector is in transition and is nowadays called to face great challenges in a 
context in which the fossil fuel reserves are running out, while the energy demand steadily increases. On 
the other hand, the rising cost and the related environmental issues make the use of conventional energy 
resources more and more difficult [1]. The increment of the world energy demand, mainly fulfilled by 
fossil fuels has brought to an increment in greenhouse gas emissions with serious consequences on our 
environment. The International Energy Agency foresees that by 2030 the primary world energy demand 
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will increase by 45% and fossil fuels will continue to have a primary role covering 60% of the demand [2]. 
A reduction in the greenhouse gas emissions can be achieved by increasing energy plants efficiency and 
by taking concrete actions on energy saving and recovery in the industrial field [3-5]. Nowadays, along 
with renewable energy systems, new energy production technologies are growing up. Among these, the 
energy harvesting seems to be the more appealing due to the increasing development of the so called 
smart materials such as the piezoelectric ones [6]. The energy harvesting allows the recovery of the 
mechanical energy from environmental vibrations and is obtained through the piezoelectric materials 
according to the so called direct piezoelectric effect. More in detail, it implies the generation of an electric 
field across the material corresponding to a mechanical strain. In the last decades, this technology found 
interesting applications in the framework of wireless sensor systems in order to make the transmission and 
acquisition units self-powered [7]. More recently, energy harvesting applications have been developed to 
produce electric energy from vehicular, train or pedestrian traffic or from environmental vibration in 
general. One of the most interesting applications is represented by the energy harvesting system 
developed by the East Japan Railway Company which makes use of piezoelectric transducer mounted on 
the Shibuya (Tokio) station gates. More applications have been proposed by the Israeli company 
Innowattech, which developed piezoelectric stack transducer for the recovery of mechanical energy from 
the traffic [8]. On the aforementioned basis, the proposed patent deals with an innovative and alternative 
solution for energy harvesting application which involves the use of piezoelectric bender devices. Thus, in 
the present paper a brief description of the prototype is provided and preliminary numerical analyses on 
the dynamical electromechanical response of the device are discussed. More particularly, the finite 
element simulations have been performed in order to highlight the voltage output of the piezoelectric 
transducer by varying its position with respect of the metallic substrate. 
 
2. Materials and methods 
The purpose of the patent is to define an energy harvesting devices that can be used to recover energy 
from the vehicular traffic as well as from the train and pedestrian ones. The innovation introduced arises 
from the use of piezoelectric bender devices instead of piezoelectric stack transducers. The patent focuses 
on the definition and specification of an innovative mechanical configuration to transfer the vibration to 
the piezoelectric transducer. The flexibility of the patent allows modifying the oscillation frequency of the 
overall structure in order to match the resonance frequency of the piezos. The prototype of the energy 
harvesting device is made up of two different boxes connected by elastic elements (see. Fig. 1) . 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Cantilever mechanical configuration. 
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In Fig. 1 PZT = Lead Zirconate Titanate, S = galvanized steel box, m= mass, a= steel thin layer, cls= 
concrete, d= spring. 
The same effect can be obtained by constraining the device following a clamped/clamped configuration, 
thus foreseeing the use of tuning masses in the middle of the beam (see Fig. 2). 
The dynamic excitation transferred to the clamped side of the piezoelectric device induces a bending 
deformation in it. This deformation, by means of the direct piezoelectric effect and by using bimorph 
bender piezoelectric devices, allows to generates electric energy to be stored in suitable batteries. 
 
 
Fig. 2. Clamped/clamped configuration. 
 
3. Results and discussions 
As already mentioned, numerical analyses are performed in order to study the dynamical 
electromechanical behavior of the device, proposed in order to harvest energy from the vehicular, rail or 
pedestrian traffic.  
The bender device, i.e. the active component with the piezoelectric transducer, is made up of a passive 
substrate, consisting of a steel thin beam, and of the active piezoelectric bimorph transducer, consisting of 
PZT-5A and electrically arranged in parallel configuration, see Fig. 3. 
 
Fig. 3. Parallel bimorph (left), series bimorph (right). 
 
The active and the passive components are bonded together, see Fig. 4, and the overall bender device is 
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clamped at one end of the internal box. Both the internal and the external boxes are made up of steel, 
whose Young’s Modulus and Poisson’s ratio are E=205 GPa and ν=0.3, respectively. Instead, the material 
properties of the piezoelectric transducer are those characterizing the PZT-5A and are here omitted for 
brevity.  
The geometry and the mechanical properties characterizing the configurations analyzed are shown in 
Fig. 4 and Table 1.  
It is worth nothing that the elastic elements, that provide the connection between the external and the 
internal boxes, are characterized by the elastic constant K and that, in Fig. 4, two different bender device 
configurations are shown. 
 
 
 
 
 
 
 
 
Fig. 4. Analyzed configurations. 
 
 
Table 1: Geometry and material properties 
 
 
The two configurations differ for the piezoelectric transducer positioning over the metallic substrate. 
More particularly, in the first configuration the piezoelectric device is bonded on the substrate at a 
distance from the clamped side of 10 mm. In the second configuration this distance is instead increased to 
60 mm. 
The finite element model, solved through the commercial FE code COMSOL Multiphysics®, consists 
of 14,658 tetrahedral elements and 90,514 DoF (see Fig. 5).  
The initial condition for the dynamical analyses is represented by the deformed configuration 
corresponding to an imposed vertical displacement for the internal box of 22 mm. 
Geometry and Material properties 
Piezo length  lp = 40 mm 
Piezo width wp =16 mm 
Piezo thickness  tp = 0,80 mm 
Substrate length lb = 13 0mm 
Beam thickness tb = 0,50 mm 
Piezo density ρp= 7750 kg/m3 
Steel density Ρs= 7850 kg/m3 
Elastic constant K = 30.8 N/mm 
Configuration 1 Configuration 2 
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Fig. 5. Finite element model and mesh. 
 
 
The dynamical responses of the two different configurations analyzed has been  characterized in terms 
of vertical displacements and electric potential of the point P2 located at the right hand side of the 
piezoelectric transducer (see Fig. 6-7).  
It can be observed that, although the maximum vertical displacements of the right end side of the 
piezoelectric device for the two different configurations are quite the same, the peak voltage, switching 
from configuration 2 to configuration 1, increase from about 200 V to about 300 V. 
 
 
Fig. 6. Vertical displacements for point P2. 
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Fig. 7. Electric potential for point P2. 
 
4. Conclusions 
In the present paper a mechanical device for energy harvesting applications, making use of 
piezoelectric bimorph bender transducer, has been described. It has been highlighted that the innovation 
introduced is represented by the use of piezoelectric bimorph instead of stack ones.  
Moreover, it has been underlined the possibility of using elastic element that can be changed in order to 
modify the natural frequency of the overall device and the possibility to apply a tuning mass to better find 
the proper natural frequency of the piezoelectric device. Two different configurations are also considered 
and analyzed by means of a commercial finite element code in order to preliminary highlight the effect of 
the piezoelectric bender positioning over the dynamical electromechanical response of the energy 
harvester device. 
 
References 
[1] Messineo A, Panno G. LNG cold energy use in agro-food industry: a case study in Sicily. Journal of Natural Gas Science and 
Engineering 2011; 3: 356-363. 
[2] IEA. World Energy Outlook Edition, 2010. 
[3] Messineo A, Panno D. Potential applications using LNG cold energy in Sicily. International Journal of Energy Research 
2008; 32: 1058–1064. 
[4] Messineo A. Marchese F. Performance evaluation of hybrid RO/MEE systems powered by a WTE plant. Desalination 2008; 
229: 82-93. 
[5] Panno D, Messineo A, Dispenza A. Cogeneration plant in a pasta factory, energy saving and environmental benefit. Energy 
2007; 32: 746-754. 
[6] Chopra I. Review of State-of-Art of Smart Structures and Integrated Systems. AIAA Journal 2002; 40: 2145-2187.  
[7] Roundy S, Wright PK, Rabaey J. Energy scavenging for wireless sensor networks with special focus on vibrations. Kluwer 
Academic Press, 2003.  
[8] Abramovich H, Milgrom C, Harash E, Azulay LE, Amit U. Patent application title: Multi-layer modular energy harvesting 
apparatus, system and method. INNOWATTECH LTD 02/25/2010. 
